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OPTION FRAMEWORK FOR MANAGING ON
DEMAND SERVICE OFFERINGS

RELATED APPLICATION

This application 1s a divisional of U.S. Ser. No. 11/775,883,

filed Jul. 11, 2007, the entire contents of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to on-demand business
processes, and more specifically, to an option framework for
managing on-demand service olferings.

2. Background Art

In an increasingly volatile business environment character-
1zed by intense global competition, short product life cycles,
increased technological innovation and complexity, and time
sensitive customer demand, the focus of competition in glo-
bal markets 1s increasingly shifting from cost, quality and
service to speed, tlexibility and mnnovation.

Customers want flexibility in technology investment deci-
sions. This need for flexibility 1s a logical reaction to risks
resulting from demand uncertainty, technology evolution and
market tluctuation. These factors of risks can significantly
influence the decision-making processes of both the custom-
ers and the providers.

E-business “On-Demand” that 1s promoted recently by
several providers in the Information Technology (IT) industry
1s a new way ol deploying IT infrastructure and offering IT
services. It was developed 1n response to the need to hedge the
aforementioned risks and react to tluctuating market condi-
tions 1n real time. Customer’s may pay for and consume
resources on an as needed basis. This provides customer
flexibility, a mechanism for risk sharing and a means to
enhance information tlows.

However, “On-Demand” offerings introduce uncertainties
of 1ts own for both the service provider and customer. The
following are a subset of those management concerns: What
are the impacts of “On-Demand” to both the suppliers and
buyers’ investment and purchase behaviors for I'T/Technol-
ogy/E-business? What are the implications of “On-Demand”
offerings to suppliers and buyers’ revenue, cost, and/or profit?
What i1s the value of on-demand to a specific buyer? When
should a buyer use the traditional buy-and-operate mode and
when should he invoke “On-Demand™? Where (1.e., in which
markets/industries/sectors) should a supplier target “On-De-
mand” offerings? How should a supplier price the “On-De-
mand” (with respect to the traditional buy-and-operate
model)? How should a supplier design, provision, and man-
age the “On-Demand” products and services?

The existing management techniques and practices for
“On-Demand” do not answer these questions adequately.
They do not handle demand risk, technology risks and market
risks.

SUMMARY OF THE INVENTION

An object of this ivention i1s to 1mprove management
techniques and practices for on-demand service offerings.

Another object of the present invention 1s to apply risk
management techniques to develop business nsights to help
suppliers or buyers for on-demand decisions.

A Turther object of the mvention 1s to codily a decision-
making framework to guide suppliers (or buyers) 1n making a
broad range of on-demand decisions.
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Another object of the invention 1s to provide an option
framework to analyze “On-Demand.”

An object of the preferred embodiment of the present
invention 1s to provide models and tools to evaluate the value
of “on-Demand” to both service providers and buyers, by
quantifying the impact of on-demand on profits, costs and
revenues.

These and other objectives are attained with a method of
and system for managing on-demand service offerings in a
service delivery chain, wherein a service provider provides
resources to a collection of service distributors, and said
service distributors distribute said resources to end users. The
method comprises the steps of the service provider announc-
ing upiront capacity pricing, an on-demand premium struc-
ture, and an on-demand exercise structure; at least one of the
service distributors committing to upiront capacity and to
units of on-demand options; and the service provider provi-
sioning a number of resources to the collection of service
distributors.

In the preferred embodiment, the upiront capacity pricing
includes three components. A first component 1s a price struc-
ture for capacity or resources to be purchased for immediate
use, a second component 1s an on-demand premium structure,
and a third component 1s an on-demand usage fee structure.
This invention 1s a response to the shortcomings of prior
techniques to manage “On-Demand” services and 1s moti-
vated by the need for a unified decision framework that incor-
porates demand, technology and market risks. The invention
presents a novel application of financial risk management
techniques to “On-Demand” service delivery to produce
management 1nsights that can be embodied as software deci-
s1on support systems and consulting methodologies.

Dernvative instruments have consistently proven their
value as a means for managing risk (see, e.g. Crouhy, M., D.
Galail, and R. Mark. 2001. Risk Management. McGraw-Hill
Companies, Inc.), and financial futures and options are
actively traded on many exchanges. Derivatives are routinely
used to manage financial risks, e.g., exposure to security price
fluctuations, foreign exchange rate movements, and changes
in 1nterest rates (Hull, J. 1997. Options, Futures and Other
Derivatives. Prentice-Hall, Inc.). Within a more limited
scope, a few 1industries have also used derivatives to manage
risk, see, e.g., Pilipovic, D. 1998 (Erergy Risk. McGraw-Hill
Companies, Inc.) on the use of options in energy markets,
Bassok, Y., R. Sirnivasan, A. Bixby, and H. Wiesel. 1997
(“Design of component supply contracts with commitment
revision tlexibility”. IBM Journal of Research and Develop-
ment, Vol. 41, No. 6) on the practice at IBM printer division.

Supply contract terms and conditions often have charac-
teristics that make them behave much like financial deriva-
tives. Option-like contract arrangements explored in the lit-
erature include buy back policies (Pasternack 1985, Emmons
and Gilbert 1998), backup agreements (Eppen and Iyer
1997), pay-to-delay capacity reservation (Brown and Lee
1998), and quantity tlexibility (T'say 1999, Tsay and Lovejoy
1999). Barnes-Schuster et al. (2002) explored the impact of
contractual real options 1 a buyer-supplier system

Viewing “On-Demand” as a risk hedging tool, we apply
risk management techmques to: develop business msights to
help suppliers or buyers for on-demand decisions, provide
objective assessments to justily the value of “On-Demand™ to
a particular firm, and codily a decision making framework to
guide suppliers (or buyers) in making a broad range of on-
demand decisions.

This risk management framework for “On-Demand” ser-
vices provides a foundation for management tools that are
robust and mature due to their roots in the financial services
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industry. The framework 1s transparent and understandable to
both service providers and distributors, reducing ambiguities
associated with “On-Demand” service management.

Simply stated, “On-Demand” 1s a solution for an enterprise
or other entity to manage the fluctuations and uncertainties 1in
its customer demand, market opportunities and/or threats,
and/or business environment. Based on concepts and theories
developed 1n the financial services industry for risk manage-
ment, this invention develops an option framework to analyze
“On-Demand”, thus providing business insights and prin-
ciples to help decisions regarding “On-Demand”. It also pro-
vides models and tools to evaluate the value of “On-Demand”
to both service providers and buyers, by quantifying the
impact of “On-Demand” on profits, cost and revenues. A
preferred embodiment of the framework 1s presented.

When suppliers provide “On-Demand” offerings, they are
selling “options” to buyers; and “On-Demand’ 1s a means for
buyers to hedge against risks and uncertainties in their IT and
technology needs. Following the financial services industry
this invention provides an option framework and a few mod-
els for both suppliers and buyers for sound decision making
with respect to on-demand. The mvention can be mmple-
mented as software, tools, and/or consulting methodologies.

Further benefits and advantages of the invention waill
become apparent from a consideration of the following
detailed description, given with reference to the accompany-

ing drawings, which specily and show preferred embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the Service Delivery Chain.

FI1G. 2 illustrates a three-step algorithm for service delivery
chain management.

FIG. 3 shows the net profit improvement that can be
obtained from service delivery options.

FIG. 4 shows a computer processing system that may be
used to carry out the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As shown 1n FIG. 1, a Service Delivery Chain 10 can be
defined as the set of entities needed to deliver a specific
service 1o a set of recipients. Canonically, the Service Deliv-
ery Chain 10 1s comprised of three members: service provider
12, service distributor and end users 16. The service provider
1s the entity that provides the needed resources for an accept-
able service level. The service distributor 1s one who acts as an
intermediary between the service provider and the end user.
The end users are those who consume, redistribute, trans-
form, or otherwise utilize the service.

Each entity in the Service Delivery Chain 10 must make
management decisions to maximize 1ts own profit. The end
users 16 choose how much of the service to consume from the
service distributor to satisiy a need or maximize their per-
sonal utility. The service distributor 14 must decide how
many resources to buy from the service provider; considering
uncertain demand from the end users and the resource price
structure presented by the service provider. While the service
provider 12 must decide a resource price structure and a
capacity level to support the needs of multiple service dis-
tributors. This collection of decisions constitutes service
delivery chain management. One instance of a risk manage-
ment framework 1s presented to address service delivery
chain management.
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This framework 1s comprised of three components: (1)
Provisioning for On-Demand Services, (2) Pricing for On-
Demand Services, and (3) Managing On-Demand customer
Portfolio. Each of these components 1s discussed below.
The Role of Provisioning for On-Demand Service

The profitability of On-Demand offerings depends on solv-
ing this provisioning problem. The demand behavior of On-
Demand customers 1s inherently a function of time. That
demand can vary, for example, because of the seasonality of
events and due to the occurrence of special events. As a result,
needed resources vary with time. Important objectives are to
minimize the cost of over Provisioning and to minimize the
cost of under Provisioning.

The Role of Pricing for On-Demand Services

In order to determine the appropriate pricing, the value of
the On-Demand feature needs to be determined. An options
framework gives 1nsight into pricing. Also, 1t may be appro-
priate to price multiple mnvocations of the on-demand feature.
For instance, consideration may be given to a call/put pair.
The appropriate price/risk relationship may also be deter-
mined.

Managing On-Demand Customer Portiolio

A number of factors may also be taken into account when
managing the On-Demand Customer Portiolio. One consid-
eration 1s that customers with highly correlated demands are
risky and less desirable for acceptance into the portiolio.
Also, it may be desirable to accept customers whose demand
profile contributes to resource pooling.

The supplier must decide the optimal number of options to
offer the market. Offering an infinmite number of options 1s not
feasible. This 1s because the supplier’s resources are con-
strained.

Betore discussing the methodology of the invention, 1t may
be helpiul to consider an example of an on-demand data
center where the invention can be applied.

As an example, the present invention can be applied with
I'T/Web Hosting. IT/Web Hosting needs are volatile and hard
to predict. A customer can either buy I'T resources directly, or
purchase options which give the customer the right to buy I'T
resources after their I'T requirement has been observed.

This example mvolves the following parameters:

P D: the customer’s stochastic IT requirement with pdf
(D) and cdf F(D)

P W: traditional purchase price=unit cost of firm order

P C: unit cost of option, X: option exercise price

P R: unit value of IT resource to the customer, M: unit cost
to the service provider

P (Q: customer firm order of the IT resource

P g: customer order of the I'T resource as option

Also, the sequence of events 1s: First, the service provider
announces (W, C, x) to customers; Second, at t=0, the cus-
tomer places orders Q and g, the service provider decides
I'T/Hosting capacity Y, and the service provider delivers O
units, and holds (Y—-Q) in mventory; and Third, during the
provision of on-demand, demand D 1s observed, the customer
exercises options (q), and the service provider delivers addi-
tional IT resources to the customer.

A three-step procedure 1s presented to address the key
features of Service Delivery Chain management. FIG. 2
shows the algorithm pictonally.

At the first step 1n this process, the service provider 12
announces upiront capacity pricing, an “On-Demand” pre-
mium structure, and an “On-Demand” exercise structure.
The service provider presents a three part pricing structure
to the service distributors 14. The first component of the price
1s a price structure for capacity or resources to be purchased
for immediate use. The second component of the price intro-
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duces the risk management concept ol an option premium.
This second component of the price 1s an “On-Demand”
premium structure. This represents the immediate cost to the
service distributor for the right to use the “On-Demand”
feature at some point any time in the future up to a specified
date. The final component of the price 1s an “On-Demand”
usage fee structure. This represents the price the service pro-
vider charges a service distributor upon the mvocation of the
“On-Demand” feature.

A service level agreement (SLA) may also be reached
between the provider and distributor to guarantee that the
provider dedicates adequate resources, or otherwise commits
to certain terms and conditions defining the level of service to
be provided. Optionally, an agreed upon penalty structure 1s
developed for a broken SLA.

The service provider should preferably take 1into account
the following strategic concerns when establishing the three-
part price structure: pricing ol competitive offerings, fore-
casts of service and equipment costs, and expected response
of distributors to price structure. Competition may drive pric-
ing and or a desire to gain market share may dictate prices.
The fact that capacity and equipment costs may depreciate
rapidly due to technological innovation during the lifetime of
an “On-demand” service agreement, suggests that the “On-
Demand” premium and exercise prices should reflect this
fact. The service provider expected profit could be maximized
by selecting a pricing structure given estimates of the service
distributors response to the price structure.

One way to compute a lower bound for “On-Demand” the
option premium, 1S

c=Efe” " ((x—m)-t-s-a,)]

where T 1s the random time when a service distributor invokes
one unit of the “On-Demand” option, r 1s the discount rate, x
1s the “On-Demand” exercise price, m 1s the cost to the service
provider for one unit of capacity, s 1s the maintenance cost per
unit time per unit capacity incurred by the provider and a1s the
cost of activating the “On-Demand” cost incurred by the
provider.

At the second step 1n the process, the service distributors
commit to upiront capacity and umts of the “on-Demand”
option.

In response to end user demand, the service provider’s
three-part price structure and any service level agreements,
the service distributor reserves upiront capacity. Further, they
decide how many units of “On-Demand” options to purchase.

The service provider should consider the following strate-
g1c concerns when making their commitments: purchasing
decisions of other service distributors, forecasts of technol-
ogy change over the contract time frame, forecast of business
need changes and changes 1n end users quality of service
expectations.

One mstance of a service distributor’s problem 1s modeled
below. The goal 1s to maximize the service distributors
expected profit. Let QQ be the amount of upiront capacity and
g be the amount of “On-Demand” options. Then for conve-
nience, we let O=0Q+q. The distributor’s problem 1s then:

Maxl (O,
e 2(Q, g)

where

I1,(Q,¢)=E[r-min(D,0)-w-@-c-qg-xmin(g,(D-Q)")]
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and D 1s the random end user demand; r 1s the distributor’s
revenue per end customer demand satisfied. The optimal
amount of upfront capacity and “On-Demand” options

O _F_l(r—x—C)

F—X

and the number amount of upiront capacity 1s

Q* :F_I(X+C—W)

W

where F 1s the estimated cumulative distribution function for
the random demand D.

At the third step 1n the process, the service provider provi-
s101s capacity.

The service provider must decide how many resources to
dedicate to the collection of service distributors.

An mstance of a service provider’s problem 1s to maximize
excepted profit given the orders from N service distributors.
Formally stated, the problem 1s

gi}i [15(6)

where

N N
[0)=w) Qf +c) g —m-Y()+
=1 i=1

AN
Huz (QF +6g" —min(D;, O )t +
i=1

| N N )
E|lx-miff » g7, ) (Di= Q)"
i i=1 i=1 /

) |
p- ) (min(D;, OF) - Qf —g;)"
=1 .

and

N N
YO) =) Qi +6-) g
=1

=1

The expectation 1s taken over the joint distribution of all the
random demands. If all the demands are independent then no
resource pooling exists and the optimization problem
decouples into N independent problems. The decision vari-
able represents a measure of resource pooling intensity for a
given collection of service distributions. A service provider
should accept customers whose demand profile contributes to
resource pooling. A candidate service distributor should be
considered for inclusion into the provider’s portiolio 1t the
expected profits increase when included, and referred other-
wise.

Consider the two following examples:

1. A service provider offers high-end servers (with price at
about $1 million) on-demand. In this scenario, the service
provider puts X number of processors in the box, the buyer
initially only pays for Y (<X) processors, and they pay for the
rest of (X-Y) the processors when the processors are actually
used.
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2. In a Grid computing environment, or 1n other multi-com-
puter environments, a service provider may dedicate certain
computational capacity to customers, and customers only pay
the service provider when they actually use the service pro-
vider’s service.

In both of these two examples, the service provider 1s
actually providing customers with an option (of using up to
X-Y processors 1 the first example, and of utilizing the
provider’s computational service 1n the second example). In
accordance with the present invention, on-demand options
can (when appropriately priced and utilized):

1. Provide a mechanism for the service provider and 1ts cus-
tomers to share the risk (of uncertainty and fluctuation in its
I'T/technology/computational needs).

2. Enables both the service provider and its customer’s higher
profits or lower cost (1n comparison with the traditional own-
and-operate model).

3. Encourage customers to share their technology needs infor-
mation with the service provider, and therefore improve the
service provider’s planning and help increase that provider’s
market share by locking-in the customers” IT demand.

Options as a mechanism for risk sharing 1s a win-win
strategy for both the Retailer and the Supplier. As FIG. 3
illustrates, both the supplier and the retailer can show signifi-
cant net profit improvement from service delivery options.

The use of Options Framework for On-Demand Services
provides a number of other benefits as well. These other
benefits include customer tlexibility, a mechanism for risk
sharing, and a means to enhance information flows. Also, this
Options Framework provides a trusted foundation for pricing.

As will be readily apparent to those skilled in the art, the
present invention can be realized 1in hardware, software, or a
combination of hardware and software. Any kind of com-
puter/server system(s)—or other apparatus adapted for car-
rying out the methods described herein—is suited. A typical
combination of hardware and software could be a general-
purpose computer system with a computer program that,
when loaded and executed, carries out the respective methods
described herein. Alternatively, a specific use computer, con-
taining specialized hardware for carrying out one or more of
the functional tasks of the invention, could be utilized.

The present invention, or aspects of the invention, can also
be embodied 1n a computer program product, which com-
prises all the respective features enabling the implementation
of the methods described herein, and which—when loaded in
a computer system—is able to carry out these methods. Com-
puter program, soltware program, program, or soltware, in
the present context mean any expression, 1n any language,
code or notation, of a set of instructions intended to cause a
system having an information processing capability to per-
form a particular function either directly or after either or both
of the following: (a) conversion to another language, code or
notation; and/or (b) reproduction in a different material form.

The present invention, or features of the invention, may be
generally implemented by a data processing system, and FIG.
4 1s a pictorial representation of a distributed data processing
system 1n which the present invention may be implemented.
System 100 1s a network of computers and utilizes a network
102, which 1s the medium used to provide communications
links between various devices and computers connected
together within distributed data processing system 100. Net-
work 102 may include permanent connections, such as wire
or {iber optic cables, or temporary connections made through
telephone connections.

In the depicted example, server 104 1s connected to net-
work 102, along with storage unit 106. In addition, clients 108
are also connected to network 102. These clients 108 may be,
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for example, personal computers or network computers. In
the implementation of the present imnvention, one of these
clients may represent the service provider and others the
clients may represent the service distributors. In the depicted
example, server 104 provides data, such as boot files, operat-
ing system i1mages, and applications, to clients 108. Distrib-
uted data processing system 100 may include additional serv-
ers, clients, and other devices not shown. In the depicted
example, network 102 1s the Internet, representing a world-
wide collection of networks and gateways that use the TCP/IP
suite of protocols to communicate with one another.

At the heart of the Internet 1s a backbone of high-speed data
communication lines between major nodes or host computers
consisting of thousands of commercial, government, educa-
tion, and other computer systems that route data and mes-
sages. Of course, distributed data processing system 100 also
may be implemented as a number of different types of net-
works, such as, for example, an intranet, a local area network
(LAN), or a wide area network (WAN). FIG. 4 1s intended as
an example and not as an architectural limitation for the
present 1nvention.

While it 1s apparent that the invention herein disclosed 1s
well calculated to fulfill the objects stated above, 1t will be
appreciated that numerous modifications and embodiments
may be devised by those skilled in the art, and it 1s intended
that the appended claims cover all such modifications and
embodiments as fall within the true spirit and scope of the
present invention.

What 1s claimed 1s:

1. A system for managing on-demand service olferings,
wherein a service provider provides resources to a collection
of service distributors, and said service distributors distribute
said resources to end users, said service offerings including
an on-demand feature where the service provider provides
some of said resources to the service distributors on demand
of the service distributors, said system comprising;:

a memory device having embodied therein information

relating to said resources;

a service provider processor in communication with said
memory device and configured for announcing upiront
capacity pricing, an on-demand premium structure, and
an on-demand exercise structure, said on-demand pre-
mium structure representing the immediate cost to the
service distributor for the right to use the on-demand
feature at some random point any time in the future up to
a specified date, and said on demand exercise structure
representing the price the service provider charges a
service distributor upon the invocation of the on-demand
feature; and

a service distributor processor in communication with said
service provider processor and configured for commit-
ting to upiront capacity (QQ) and to units of on-demand
options (q);

wherein said service provider processor 1s further config-
ured for provisioning a number of resources to the col-
lection of service distributors; and

the provisioning ol resources 1s done by using the equation:

N N
[15(0) = WZ 0" + CZ g —m-Y(O) +
i=1 i=1

i N N ) N
. o L 3*‘- + i * * — » . * +
E X -1 E ll QI . E ll (DI Q.E ) + ] : li (QI + 9@1 H]J'I]'('DI’ OI )) +
u = = 7 =




US 8,458,005 B2

9

-continued

p .

]

N
(min(D;, OF) — Qf - 0g;)"
iy

where

and

D: customer’s stochastic I'T requirement with pdf 1(DD) and
cdf F(D);

W: traditional purchase price=unit cost of firm order

C: unit cost of option,

X: “On-Demand” exercise price,

m: cost to the service provider for one unit of capacity,

s: maintenance cost per unit time per unit capacity incurred
by the provider

Y: IT/Hosting capacity

O=0Q+q.

2. A system according to claim 1, wherein the upiront
capacity pricing includes three components:

a first component 1s a price structure for capacity or

resources to be purchased for immediate use;

a second component 1s an on-demand premium structure;
and

a third component 1s an on-demand usage fee structure.

3. A system for managing on-demand service offerings,
wherein a service provider provides resources to a collection
of service distributors, and said service distributors distribute
said resources to end users, said system comprising:

a memory device having embodied therein information

relating to said resources;

a service provider processor 1n communication with said
memory device and configured for announcing upiront
capacity pricing, an on-demand premium structure, and
an on-demand exercise structure:

a service distributor processor in communication with said
service provider processor and configured for commit-
ting to upiront capacity and to units of on-demand
options;

wherein said service provider processor 1s further config-
ured for provisioning a number of resources to the col-
lection of service distributors;

wherein the committing to upiront capacity and to units of
on-demand options 1s done by using the equation:

[1,(Q,¢)=E [rmin(D,0)-w*Q-c-g—x-min(g,(D-0)")]

where D 1s the random end user demand; r 1s the distribu-
tor’s revenue per end customer demand satisfied; the
randomness D captures the demand risk; the optimal
amount of upfront capacity and “On-Demand” options

O _F_l(r—x—r:)

F—X

and the number amount of upiront capacity 1s

Q* =F_I(X+C—W)’

W

10

15
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10

where I 1s the estimated cumulative distribution function
for the random demand D.

4. A system according to claim 1, wherein said on-demand
premium structure represents a cost to the service distributor
for the right to use the on-demand feature at some point any
time 1n the future.

5. A system according to claim 1, wherein said on-demand
usage fee structure represents the price the service provider
charges a service distributor for invocation of the on-demand
feature.

6. A non-transitory storage device readable by machine,
tangibly embodying a program of mstructions executable by
the machine to perform a method of managing on-demand
service oflerings, wherein a service provider provides
resources to a group of service distributors, and said service
distributors distribute said resources to end users, said service
offerings including an on-demand feature where the service
provider provides some of said resources to the service dis-
tributors on demand of the service distributors, the method
comprising the steps of:

the service provider announcing upiront capacity pricing,
an on-demand premium structure, and an on-demand
exercise structure, said on-demand premium structure
representing the immediate cost to the service distribu-
tor for the right to use the on-demand feature at some
random point any time 1n the future up to a specified
date, and said on demand exercise structure representing
the price the service provides charges a service distribu-
tor upon the mvocation of the on-demand feature;

at least one of the service distributors committing to
upiront capacity (Q) and to units of on-demand options
(q) the service provider provisioming a number of
resources to the collection of service distributors; and

the provisioning ol resources 1s done by using the equation:

N N
[0)=w) Qf +c) gi —m-Y()+
=1 =1

N
+5-Z (QF +8g; —min(D;, O})" +
i—1

‘ N N "w
Elx-mi ZQ?=Z(D:'—Q?)+
i =1 i=1 /

) |
p- ), (min(D;, 07) - —0g})"
=1 .

where

N N
YO) =) Qi +6-) gt
i=1 =1

and

D: customer’s stochastic I'T requirement with pdf 1f(D) and
cdf F(D);

W: traditional purchase price=unit cost of {irm order

C: unit cost of option,

X: “On-Demand” exercise price,

m: cost to the service provider for one unit of capacity,

s: maintenance cost per unit time per unit capacity incurred
by the provider

Y: I'T/Hosting capacity
O=0Q+q.
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7. A non-transitory storage device according to claim 6,
wherein:
the upiront capacity pricing includes three components: a
first component 1s a price structure for capacity or
resources to be purchased for immediate use, a second
component 1s an on-demand premium structure, and a
third component 1s an on-demand usage fee structure;
said on-demand premium structure represents an immedi-
ate cost to the service distributor for the right to use the
on-demand feature at some point any time 1n the future;
and
said on-demand usage fee structure represents the price the
service provider charges a service distributor for invo-
cation of the on-demand feature.
8. A non-transitory storage device according to claim 7,
wherein:
the committing to upiront capacity and to umts of on-
demand options 1s done by using the equation:

Maxl1,(Q, g)
(O

G)

where

11,(Q.q)=E[r-min(D,0)-w-Q-c-g—xmin(q,(D-0)")]

and D 1s the random end user demand; r 1s the distributor’s
revenue per end customer demand satisfied; the optimal
amount of upiront capacity and “On-Demand” options

" _F_l(r—x—c)

F—X

5

10

15

20

25

30
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and the number amount of upiront capacity 1s

X—l—C—W)

O* = F—l(

W

where F 1s the estimated cumulative distribution func-
tion for the random demand D

N N
[|@=w) 0r+c) gi-m-Y@O)+
5 i=1 =1

N
+5: ) (QF +0g; —min(D;, O)))" +
i=1

N
p- > (min(D;, OF) - Qf —0g; )’
=1

and

D: customer’s stochastic I'T requirement with pdf 1(D) and
cdf F(D);

W: traditional purchase price=unit cost of {firm order

C: unit cost of option,

X: “On-Demand” exercise price,

m: cost to the service provider for one unit of capacity,

s: maintenance cost per unit time per unit capacity incurred
by the provider

Y: I'T/Hosting capacity
O=0+q.
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